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–  Trajectory	  Predic8on	  
–  Safe	  Flight	  Envelope	  Es8ma8on	  
–  Predic8ve	  Aler8ng	  
–  Synop8c	  Displays	  
–  Stall	  Recovery	  Guidance	  
•  Concluding	  remarks	  
Link	  to	  source	  material	  
(shortened	  URL)	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MOTIVATION	  
Commercial	  Avia8on	  Safety	  Team	  (CAST)	  
Airplane	  State	  Awareness	  (ASA)	  Joint	  Safety	  Analysis	  Team	  (JSAT)	  
•  Subject	  maWer	  experts	  from	  industry	  and	  government	  
	  
Final	  Report	  -­‐	  Analysis	  and	  Results,	  June	  2014	  
hWp://www.skybrary.aero/bookshelf/books/2999.pdf	  
4	  
Loss	  of	  Control	  –	  Inﬂight	  (LOC-­‐I)	  
Boeing	  Sta+s+cal	  Summary	  of	  Commercial	  Worldwide	  Jet	  
Transport	  Accidents,	  2011	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ASA	  JSAT	  Team	  Analysis	  
Industry	  and	  government	  experts	  studied	  18	  LOC-­‐I	  accident/incident	  scenarios,	  
with	  focus	  on	  cases	  where	  ﬂight	  crew	  lost	  awareness	  of	  aftude	  or	  energy	  state	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Signiﬁcant	  Themes	  
Energy	  Awareness	  Cases	  
No	  single	  technology	  will	  solve	  the	  LOC-­‐I	  problem.	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CAST	  Recommenda8ons	  
•  ASA	  JSAT	  Suggested	  274	  interven8on	  
strategies,	  and	  categorized	  them:	  
– Aircraj	  Design	  
– Flightcrew	  Training	  
– Airline	  Opera8ons	  and	  Maintenance	  
– Safety	  Data	  
– Research	  
•  NASA/ARMD/AOSP/ATD/TASA	  Subprojects	  
•  This	  work	  focused	  on	  outputs	  of	  Safety	  
Enhancements	  (SE)	  207	  and	  208	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SE207	  Output	  Focus	  
	  
•  Output	  3:	  Develop	  and	  reﬁne	  systems	  that	  predict	  
the	  future	  aircraj	  energy	  state	  and/or	  auto-­‐ﬂight	  
conﬁgura8on	  if	  the	  current	  course	  of	  ac8on	  is	  
con8nued	  and	  provide	  appropriate	  aler8ng.	  	  
•  Output	  2:	  Develop	  and	  reﬁne	  algorithms	  and	  display	  
strategies	  to	  provide	  control	  guidance	  for	  recovery	  
from	  approach-­‐to-­‐stall	  or	  stall.	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SE208	  Output	  Focus	  
	  
•  Output	  1a:	  Displays	  that	  present	  the	  current	  and	  
future	  expected	  state	  of	  automated	  systems	  in	  
an	  intui8ve	  manner.	  	  
•  Output	  1b:	  Displays	  that	  show,	  in	  a	  simple,	  
integrated	  manner	  (e.g,	  a	  synop8c),	  the	  aircraj	  
ﬂight-­‐cri8cal	  data	  systems	  in	  use	  by	  automated	  
systems	  and	  primary	  ﬂight	  instruments	  
•  Should	  do	  so	  for	  both	  the	  mode	  currently	  
selected	  and	  any	  impending	  mode	  transi8ons	  
expected	  per	  design	  of	  these	  systems.	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SE207/SE208	  Themes	  
•  AutomaQon	  Confusion/Awareness.	  
–  Trajectory	  predic8on,	  synop8c	  displays	  
•  Inappropriate	  Control	  Input.	  
–  Safe	  ﬂight	  envelope	  es8ma8on,	  and	  stall	  recovery	  guidance	  
•  IneﬀecQve	  AlerQng.	  
–  Predic8ve	  aler8ng,	  Synop8c	  displays,	  Mul8ple-­‐hypothesis	  
predic8on	  
•  Systems	  Knowledge.	  
–  Synop8c	  displays	  
•  Other	  SE207/208	  outputs	  and	  addi8onal	  themes	  are	  
addressed	  by	  other	  subprojects	  and	  external	  work.	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TECHNOLOGIES	  
Trajectory	  Predic8on	  
Safe	  Flight	  Envelope	  Es8ma8on	  
Predic8ve	  Aler8ng	  
Synop8c	  Displays	  
Stall	  Recovery	  Guidance	  
12	  
Trajectory	  Predic8on	  
•  Fast-­‐8me	  simula8on	  
of	  simpliﬁed	  aircraj	  
dynamics	  
•  Models	  behavior	  of	  
FMS,	  APS,	  ATS	  
•  Bank,	  ﬂight	  path	  
angle,	  thrust	  
commands	  (1st	  order	  
system	  with	  rate	  
limits)	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Trajectory	  Predic8on	  
Trajectory	  predic8on	  on	  the	  Naviga8on	  Display	  (ND)	  and	  Ver8cal	  Situa8on	  Display	  (VSD)	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Trim	  Envelopes	  














Clean Config at 6096.0 m.
nominal trim envelope
unstable trim points
























caused by decreased thrust
authority at higher altitude
Envelope at 12192.0 m
nominal trim envelope
high altitude envelope












Envelope in Landing Config. at 457.2 m
nominal trim envelope
landing configuration envelope

















icing and thrust degraded envelope
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Flight	  Envelope	  Driven	  PFD	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Example	  Icing	  Scenario	  
Current	  technology	   New	  technology	  
Predicted	  Stall	  Advisory	  on	  VSD	  
Flap	  usage	  across	  	  
experiments	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System	  Interac8on	  Synop8c	  
Normal	  
AIR 
Available	  on	  any	  of	  these	  
display	  spaces	  
Mode	  control	  panel	  
Display	  panels	  
Flight-­‐cri+cal	  informa+on	  
Flight-­‐cri+cal	  data	  systems	  
:ISFD	  –	  standby	  instrument	  :Flight	  









ADC	  1	   ADC	  2	  













LMFD	   LMFD	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q  NAV	  AIR	  DATA	  SYS	  
Associated	  checklist(s)	  available	  
on	  both	  Electronic	  Flight	  Bags	  
(EFBs)	  
	  
Checklist(s)	  will	  be	  simpliﬁed:	  
1.  Removes	  informa8on	  now	  
provided	  on	  this	  display	  
2.  Context-­‐relevant	  data	  
provided	  rather	  than	  lists,	  or	  
needs	  to	  look	  in	  reference	  
documents	  
SIS 
FLT CTRL MODE 
ADC/IRS 
ISFD GPS 
IRU	  1	   IRU	  2	   IRU	  3	  
AOA 














LMFD	   LMFD	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Simpliﬁed	  Check	  List	  
22	  
Stall	  Recovery	  Guidance	  (SRG)	  
FAA	  Stall	  Recovery	  Template	  AC120-­‐109A*,	  2015	  	  
hWp://goo.gl/q0y74v	  	  
*	  Abbreviated	  table	  for	  brevity	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How	  to	  achieve	  a	  stall	  recovery?	  
•  In	  a	  high-­‐stress/workload	  environment,	  
recalling	  the	  template	  is	  diﬃcult	  
•  FAA	  template	  does	  not	  specify:	  
– Pitch	  down	  target	  
– Airspeed	  to	  begin	  pitching	  up	  
– Pitch	  up	  rate,	  without	  causing	  secondary	  stall	  
•  Issues	  can	  be	  solved	  by	  guidance	  algorithms	  
– Model	  predic8ve	  control,	  energy	  based,	  pseudo-­‐
control	  hedging.	  
24	  
SRG	  Guidance	  Display	  
•  Pilot	  only	  sees	  the	  resul8ng	  guidance	  signal	  
– Provides	  only	  the	  immediate	  control	  ac8on	  
Flight-­‐director	  with	  
augmented,	  pitch	  
limited,	  thrust	  guidance	  
25	  
SRG	  Evalua8on	  Plan	  
•  Ver8cal	  Mo8on	  Simulator	  
•  Integrate	  stall	  dynamics	  modeling	  
•  Evaluate	  recovery	  algorithms	  
–  op8mal	  control	  based,	  energy	  
based,	  and	  pseudo-­‐control	  
hedging	  based.	  
•  Across	  three	  scenarios:	  
–  High	  al8tude,	  climb	  out,	  pitch	  
trim	  issue	  on	  approach.	  Based	  on	  
AC120-­‐109A	  
•  Dependent	  variables:	  
–  Cooper-­‐Harper	  ra8ngs	  
–  s8ck	  ac8vity,	  number	  of	  




Automa8on	  and	  Informa8on	  Management	  
Experiment	  (AIME)	  –	  12	  crews,	  250	  ﬂights	  
hWp://goo.gl/Jl7tJE,	  and	  analysis	  at	  DASC	  2016,	  and	  SciTech	  2017	  
Jan.	  2016	  
Jan.	  2018	   AIME	  2	  
Sept.	  2019	   Technology	  transi8on	  demo	  
Aug.	  2014	   Tac8cal	  Flight	  Management	  System	  with	  Maneuvering	  Envelope	  (TFMS-­‐ME)	  Experiment	  –	  10	  crews,	  80	  ﬂights	  
hWps://goo.gl/5FYhvv	  	  
Apr.	  2017	   SRG	  
NASA	  ARC	  ACFS	  
NASA	  LaRC	  RFD	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!AIME	  Usability	  Outcome	  
28	  
Standardized	  scale	  based	  
on	  ques8onnaire	  ﬁlled	  out	  
by	  pilots.	  
	  
ME	  =	  Maneuvering	  Envelope	  
TP	  =	  Trajectory	  Predic8on	  	  
SIS	  =	  System	  Interac8on	  Synop8c	  
PF	  =	  Pilot	  Flying	  
PM	  =	  Pilot	  Monitoring	  
System	  Usability	  Scale	  (SUS)	  Scores	  
Formal	  results	  to	  be	  presented	  at	  	  the	  2016	  Digital	  Avionics	  Systems	  Conference	  
Evalua8on	  Objec8ves	  
•  Development	  and	  Demonstra8on	  
–  Raise	  the	  TRL	  for	  new	  technology	  via	  tes8ng	  and	  demo	  in	  a	  high-­‐ﬁdelity	  ﬂight	  sim	  
environment	  (e.g.	  conﬁrm	  performance	  across	  span	  of	  targeted	  condi8ons)	  
–  Study	  the	  eﬀects	  of	  growing	  automaQon	  and	  informaQon	  complexity	  
•  Evaluate	  the	  usability	  and	  acceptability	  of	  new	  technology	  concepts	  
–  Is	  project	  on	  correct	  path,	  or	  need	  a	  change	  of	  direc8on?	  
•  Discovery	  (“learn	  by	  doing”)	  
–  Design	  characteris8cs	  requiring	  reﬁnement	  for	  future	  studies	  
–  Unknown	  unknowns	  related	  to	  state	  awareness	  and	  predic8on	  
•  Advance	  test	  infrastructure	  capability	  for	  future	  experiments	  
–  Evaluate	  the	  use	  of	  the	  eye-­‐tracking	  system	  and	  physio	  measurement	  system	  for	  
poten8al	  to	  validate	  design	  eﬀec8veness,	  and	  to	  detect	  aWen8on	  issues	  
–  Establish	  conﬁdence	  in	  test	  plavorm	  performance	  given	  new	  modiﬁca8ons	  
–  Iden8fy	  gaps	  and	  capabili8es	  to	  be	  improved	  for	  subsequent	  studies	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CONCLUSION	  
30	  












System	  iden8ﬁca8on	  for	  
envelope	  es8ma8on	  (oﬀ-­‐
nominal)	  
Safe	  ﬂight	  envelope	  es8ma8on	  




Stall	  recovery	  guidance	  
Industry	  involvement	  
required	  for	  opera8onal	  










The	  Autonomy	  Long	  Game	  
System	  






SE	  objec8ves	  mo8vate	  
near-­‐term	  matura8on	  


























ARMD	  Assured	  Autonomy	  Research	  





•  Presented	  CAST	  mo8vated	  research	  objec8ves	  
	  
•  Looked	  at	  some	  of	  the	  resul8ng	  technologies	  	  
–  Now	  at	  various	  readiness	  levels	  
•  Looking	  for	  increased	  industry	  feedback	  and	  interac8on	  as	  
technologies	  are	  matured	  
–  Email:	  stefan.r.schuet@nasa.gov	  
–  Sojware	  licensing	  
–  Space	  Act	  Agreements	  
–  NASA	  Research	  Announcements	  
•  More	  info:	  	  




Airplane	  State	  Awareness	  Joint	  Safety	  Analysis	  Team,	  “Final	  Report	  Analysis	  and	  Results,”	  provided	  to	  the	  Commercial	  Avia8on	  Safety	  Team,	  
June	  17,	  1014.	  
Safety	  Enhancement	  SE207,	  “ASA	  –	  Research	  –	  Aftude	  and	  Energy	  State	  Awareness	  Technologies,”	  Detailed	  Implementa8on	  Plan,	  December	  
4,	  2014.	  
Safety	  Enhancement	  SE208,	  “ASA	  –	  Research	  –	  Airplane	  Systems	  Awareness,”	  Detailed	  Implementa8on	  Plan,	  December	  4,	  2014.	  	  
	  
Slides	  13-­‐19	  
K.	  H.	  Shish,	  J.	  Kaneshige,	  D.	  M.	  Acosta,	  S.	  Schuet,	  T.	  Lombaerts,	  L.	  Mar8n,	  and	  A.	  N.	  Madavan.	  Trajectory	  predic8on	  and	  aler8ng	  for	  aircraj	  
mode	  and	  energy	  state	  awareness.	  In	  AIAA	  Infotech	  @	  Aerospace.	  American	  Ins8tute	  of	  Aeronau8cs	  and	  Astronau8cs,	  January	  2015.	  
T.	  Lombaerts,	  S.	  Schuet,	  D.	  M.	  Acosta,	  J.	  Kaneshige,	  K.	  H.	  Shish,	  L.	  Mar8n.	  Piloted	  simulator	  evalua8on	  of	  maneuvering	  envelope	  informa8on	  
for	  ﬂight	  crew	  awareness.	  In	  AIAA	  Guidance,	  Naviga8on,	  and	  Control	  Conference.	  American	  Ins8tute	  of	  Aeronau8cs	  and	  Astronau8cs,	  January	  
2015.	  
S.	  Schuet,	  T.	  Lombaerts,	  D.	  Acosta,	  K.	  Wheeler,	  J.	  Kaneshige.	  An	  Adap8ve	  Nonlinear	  Aircraj	  Maneuvering	  Envelope	  Es8ma8on	  Approach	  for	  
Online	  Applica8ons	  (AIAA	  2014-­‐0268).	  In	  AIAA	  Guidance,	  Naviga8on,	  and	  Control	  Conference,	  January	  2014.	  
	  
Slide	  23	  
Federal	  Avia8on	  Administra8on,	  “Stall	  Preven8on	  and	  Recovery	  Training,”	  Advisory	  Circular	  120-­‐109A,	  November	  24,	  2015.	  
	  
Slides	  20-­‐22,	  and	  27-­‐29	  
S.	  D.	  Young,	  M.	  U.	  D.	  Haag,	  T.	  Daniels,	  E.	  Evans,	  K.	  H.	  Shish,	  S.	  Schuet,	  T.	  Etherington,	  and	  D.	  Kiggins.	  Evalua8ng	  technologies	  for	  improved	  
airplane	  state	  awareness	  and	  predic8on.	  In	  AIAA	  Infotech	  @	  Aerospace,	  number	  AIAA	  2016-­‐2043.	  American	  Ins8tute	  of	  Aeronau8cs	  and	  
Astronau8cs,	  January	  2016.	  	  
Young,	  S.;	  et.	  al.;	  "Flight	  Simula8on	  Study	  of	  Airplane	  State	  Awareness	  and	  Predic8on	  Technologies,"	  to	  be	  presented	  at	  the	  35th	  AIAA/IEEE	  
Digi8al	  Avionics	  Systems	  Conference,	  Sacramento,	  CA,	  September	  25-­‐29,	  2016.	  
Evans,	  E.;	  Young,	  S.;	  Daniels,	  T.;	  San8ago-­‐Espada,	  Y.;	  and	  Etherington,	  T.;	  "Analysis	  of	  Pilot	  Feedback	  Regarding	  the	  Use	  of	  State	  Awareness	  
Technologies	  During	  Complex	  Situa8ons,"	  to	  be	  presented	  at	  the	  35th	  AIAA/IEEE	  Digi8al	  Avionics	  Systems	  Conference,	  Sacramento,	  CA,	  
September	  25-­‐29,	  2016.	  
	  
	  
34	  
